Aim: To study the prevalence and cumulative incidence of arrhythmias in the general population of adults aged 60 and older over a 6-year period. Study Design and Setting: Data were taken from the Swedish National Study on Aging and Care (SNAC), a national, longitudinal, multidisciplinary study of the general elderly population (defined as 60 years of age or older). A 12-lead resting electrocardiography (ECG) was performed at baseline and 6-year follow-up. Results: The baseline prevalence of atrial fibrillation (AF) was 4.9% (95% confidence interval [CI] = [4.5%, 5.5%]), and other arrhythmias including ventricular premature complexes (VPCs), supraventricular tachycardia (SVT), and supraventricular extrasystole (SVES) were seen in 8.4% (7.7%, 9.0%) of the population. A first-or second-degree atrioventricular (AV) block was found in 7.1% of the population (95% CI = [6.5%, 7.7%]), and there were no significant differences between men and women in baseline arrhythmia prevalence. The 6-year cumulative incidence of AF was 4.1% (95% CI = [3.5%, 4.9%]), or 6.9/1,000 person-years (py; 95% CI = [5.7, 8.0]). The incidence of AF, other arrhythmias, AV block, and pacemaker-induced rhythm was significantly higher in men in all cohorts except for the oldest. Conclusion: Our data highlight the prevalence and incidence of arrhythmias, which rapidly increase with advancing age in the general population.
Background
Population aging is a global issue and related medical costs increase exponentially along with the population (Culebras, Messé, Chaturvedi, Kase, & Gronseth, 2014) . Aging affects the cardiovascular system in multiple ways and may cause different arrhythmias (Chow, Marine, & Fleg, 2012) . Arrhythmia can lead to a 10% to 20% reduction in cardiac output (Deshmukh, Sharma, & Gobal, 2011) , and whereas some patients can be asymptomatic, many experience a wide variety of symptoms, including palpitations, dyspnea, fatigue, dizziness, angina, and congestive heart failure. Arrhythmia can also be associated with hemodynamic dysfunction, tachycardia-induced cardiomyopathy, and systemic embolism such as stroke (Kirchhof et al., 2016) . The incidence and prevalence of most cardiovascular disorders (CVDs) increase with age, and cardiovascular disease is the leading cause of death and major disability in adults 75 years of age. Despite the high prevalence, morbidity, and mortality of CVD in older adults, most randomized clinical trials have either explicitly excluded older adults or enrolled only relatively healthy older patients with few comorbidities or functional impairments. As a result, the generalizability of the results of most major clinical trials to older patients, especially those >75 years of age with multimorbidity, is uncertain (Herrera et al., 2010) . Existing earlier studies, describing the prevalence of arhythmias, found both supraventricular (24%) and ventricular (49%) complex arrhythmias in a majority of healthy subjects aged 60 to 85 years, and that nearly all these arrhythmias were asymptomatic (Mozaffarian et al., 2016) . Arrhythmias, particularly atrial fibrillation (AF), appear to be common in the population (Friberg & Bergfeldt, 2013) and may have important health implications such as stroke (Diener, Easton, Hankey, & Hart, 2013) and syncope (Rafanelli, Brignole, & Kenny, 2017) . Older persons aged 75 years have been markedly underrepresented in most major cardiovascular trials, and data from the general older population are lacking. Because interventions such as medical treatment-anticoagulants, for example, can prevent or forestall negative outcomes, it is important to be aware of the prevalence and incidence of arrhythmias in especially the oldest population. We, therefore, in this study, determine the prevalence and incidence of arrhythmias in persons 60 years of age and older.
Method
This study is performed within the ongoing Swedish National Study on Aging and Care (SNAC), as described previously (Lagergren et al., 2004) . SNAC is a national, longitudinal, multidisciplinary study conducted at four research centers across Sweden, aiming to describe the aging process from a variety of aspects. The study began in 2001 and has ethical approval from the Regional Ethics Review Boards at the Karolinska Institutet (KI dnr 00-446) and University of Lund (LU dnr 650-00 and LU dnr 744-00), and is conducted in accordance with the Declaration of Helsinki. All SNAC participants gave written informed consent and agreed to the release of their medical records. The characteristics of the total SNAC sample closely reflects the general older population in Sweden and may, therefore, be perceived as representative of the Swedish elderly population. Participants are randomly selected from the National Municipality Registry across nine different age cohorts (aged 60, 66, 72, 78, 81, 84, 87, 90, and 93+ years) . Participating individuals are regularly followed, the younger age cohorts (age < 78 years) are followed every 6 years, the older cohort (age 78+ years) are followed every 3 years, and, in addition, new cohorts of 60-and 81-year-old individuals are added to the study population at the 6-year follow-up.
In this study, a total of 8,462 (66.3% of invited) persons participated. Data were collected through physical examinations, patient records, and questionnaires. The majority of the examinations were performed at outpatient clinics in Malmö, Karlskrona, and Kungsholmen in Stockholm and Nordanstig. In all, 1,558 (18.4%) of the 8,462 subjects in baseline were too sick to attend the clinics and were offered examination in their homes or nursing homes. These individuals were excluded from the present study due to the absence of electrocardiography (ECG). Excluded persons per age group was as follows: in Group 60, 66, n = 516; in Group 72, 78, n = 332; in Group 81, 84, 87 , n = 404; and in age Group 90+, n = 306 (p = .00; Figure 1) .
A resting 12-lead ECG acquired during the physical examination was a requirement for inclusion in the study. Arrhythmia was defined by the ECG examination data based on the Minnesota Code Manual of Electrocardiographic Findings, and the recordings were manually interpreted by different interpreters at the four sites. New cases of arrhythmias were forwarded to specialist health care. Sociodemographic data (age, gender) and relevant medical history (stroke, cardiovascular risk factors, and medication use) were collected during the examinations. ECG findings were categorized as basic heart rhythm (sinus rhythm), AF, pacemaker-induced rhythm, atrioventricular block (AV block), bundle branch block (BB block), and other arrhythmias such as ventricular premature complexes (VPCs), supraventricular tachycardia (SVT), and supraventricular extrasystole (SVES). Follow-up of the death registry was made at 6 years.
Data Analysis
In this study, a total of 8,462 persons participated in the baseline examination, and the prevalence of arrhythmias is based on this group. After 6 years, the same group was examined again, and persons with arrhythmias in baseline were excluded. This gave a sample of 3,419 persons, on which incidence figures are calculated. The data were characterized with descriptive statistics. The age-and sex-specific prevalence of overall and specific arrhythmias was estimated using the baseline examination data, and we estimated arrhythmia incidence by following the cohort of individuals without baseline arrhythmias. A chi-square test was used to test for significant differences between persons with and without arrhythmias by age and gender. Age-and gender-specific incidence was calculated as new cases per 1,000 person-years (py) of follow-up among those with a sinus rhythm at baseline. Data were analyzed using SPSS 23.0 (IBM SPSS Inc., Chicago, IL, USA).
Results
The average age of all 6,904 participants was 73.9 years (SD = 10.7 years) and 4,061 (58.8%) were women. The mean age for women was 75.2 years (SD = 10.9 years, range = 60-105 years) and 72.2 years (SD = 10.1 years, range = 60-101 years) for men. In all, 3,419 of 6,904 subjects aged 66 to 105 years with an ECG examination at baseline (49.6%) completed an ECG at the 6-year follow-up visit. A total of 1,549 (22.4%) subjects died before follow-up examination and 1,936 (28%) did not perform an ECG due to the necessity of home or nursing home visits. The sample was divided into the following four age cohorts to compare the younger and older segments of the population: 60 and 66 years; 72 and 78 years; 81, 84, and 87 years; and >90 years of age at baseline examination. Table 1 summarizes the smoking and medical histories of the participants according to availability of baseline ECG examination and at both baseline and 6-year follow-up.
Prevalence of Arrhythmias
There was no significant difference between men and women (not age adjusted) regarding sinus rhythm as basic rhythm (p = .154). The prevalence of essential arrhythmias was 4.9% (95% confidence interval [CI] = [4.5, 5.5]) for AF with no significant sex difference (p = .195), and 8.4% (95% CI = [7.7, 9.0]) of the total sample had episodes of other arrhythmias (such as VPC, SVT, and SVES) also with no significant sex difference (p = .597). First-or second-degree AV block was found in 7.1% (95% CI = [6.5, 7.7]) of the population, whereas 1.3% (95% CI = [1.0, 1.6]) had pacemaker-induced rhythm, with no significant difference between men and women (p = .535). In the age group 81, 84, 87 years, the highest proportion of all measured arrhythmias was found (Table 2 ). In baseline 341 (4.9%) had AF and 152 (44.5 %) received medical treatment (anticoagulants) for their condition, due to earlier diagnoses.
Incidence of Arrhythmias
The 6-year cumulative incidence of AF was 4.1% (95% CI = [3.5, 4.9]), and the overall incidence was 6.9/1,000 py, 9.9/1,000 py for men and 4.4/1,000 py for women. The 6-year cumulative incidence of other arrhythmias was 6.9% (95% CI = [6.2, 7.9]), and the incidence was 11.6/1,000 py in the total sample. Other arrhythmia incidence was significantly higher among men in the total sample (p < .001). AV block was found in 7.3% (95% CI = [6.5, 8.3]), 12.2/1,000 py in the total sample, with a significantly higher incidence for men. Pacemaker rhythm was found in 1.3% of the population (95% CI = [1.0, 1.8]), 2.2/1,000 py, and the incidence was also significantly higher in men (p < .001; Table 3 ). In the 6-year follow-up, 43.3% of the participants with AF received medical treatment (anticoagulants) for their condition, due to earlier diagnoses. Note. ECG = electrocardiography; TIA = transient ischemic attack.
Discussion
We assessed the prevalence and incidence of arrhythmias in persons 60 years and older using a large data set from a nationally representative sample of the general population of elderly persons in Sweden. We found an overall prevalence of AF of 4.9% across all included ages detected by a resting ECG. Arrhythmias are very often paroxysmal and, thereby, difficult to detect using a single 12-lead recording. As a consequence, data of these kind will almost exclusively detect permanent arrhythmias. Many arrhythmias, such as AF, AV block, and pacemaker treatment, will be paroxysmal/intermittent. When it comes to AF, paroxysmal type is the most common, making the prevalence noted on a single ECG recording falsely low. AF prevalence was strongly associated with age, and increased in parallel with age from 3% in those aged 60 to 66 years, to 5.5% in those from 72 to 78 years, and to 7.4% in those aged 81, 84, and 87 years. However, the prevalence of AF among the oldest individuals (age 90+) was surprisingly low (5.7%). Survival effects and a selection toward healthier participants in the SNAC study based on the inclusion criteria may have influenced this result. A relatively high prevalence of AF in Sweden compared with other European countries has been reported previously (Zoni-Berisso, Lercari, Carazza, Domenicucci, & others, 2014) . This is probably due to the fact that Sweden also has a relatively older population, along with an improved ability to detect and diagnose AF. Previous studies from Sweden have reported prevalence between 2.9% and 3.9%. A study of the general population in Sweden (Friberg & Bergfeldt, 2013 ) reported a mean prevalence of 2.9%, rising from 0.6% in a <60 years age group to 13.4% in an 80 to 89 years age group, and decreasing to 9.0% in individuals 90 years of age and above. Andersson, Löndahl, Abdon, and Terent (2012) reported a prevalence of 3.9% among the entire population of Northern Hälsingland in Sweden. Both studies were consistent with the results reported here, showing increasing prevalence with age and a relatively low prevalence in the oldest individuals. The prevalence of AF also increased with age in the Rotterdam study (Heeringa et al., 2006) , from 0.7% in the 55 to 59 years age group to 17.8% in those aged 85 years and above. Our reported prevalence was significantly lower in the oldest age group. A review of European studies (Zoni-Berisso et al., 2014) , including studies from Iceland, Italy, Germany, England, and Sweden reported that AF prevalence is more than double than reported just one decade earlier. Their prevalence results were similar to those in the present study, at 0.12% to 0.16% for people younger than 49 years, 3.7% to 4.2% for people aged 60 to 70 years, and 10% to 17% for those aged 80 years or older. They also reported a lower age-adjusted AF prevalence and incidence in women than in men in both developed and developing countries (Chugh et al., 2014; SBU, 2013) . This is in contrast to our study showing no difference in AF prevalence between men and women across all age cohorts. This result should be taken into account that there were more women than men in the sample, which gives potential bias for sex-specific estimates and that the effect of age is not controlled. A systematic review of 70 studies from developing countries (Nguyen, Hilmer, & Cumming, 2013) showed that prevalence figures range from 0.03% to 1.25% in communitybased studies and vary from 0.7% to 55.7% in hospitalbased studies. Murakoshi and Aonuma (2013) reported a relatively low prevalence in their review from Asian countries. Another systematic review including 184 studies primarily from Western Europe and North America reports that the prevalence of AF is increasing in both developed and developing countries (Chugh et al., 2014) . Other studies estimate that the number of people aged 55 years and above with AF in the European Union will more than double between 2010 and 2060 (Krijthe et al., 2013) . The wide range of reported prevalence rates across other studies leads to uncertainty about the actual prevalence in the general population. Differences in earlier prevalence figures may be related to the fact that most published studies are based on data from registers or hospital populations with substantial variation in age and setting, such as inpatient or outpatient cohorts, or developed or developing country. Results regarding AF prevalence in different settings and countries are summarized in Table 4 . There is limited information available on the incidence of arrhythmias in older adults, especially the oldest individuals. One of the first studies to investigate AF incidence was the Framingham study, reporting an overall AF incidence at 2/1,000 py for ages 32 to 65 years (Kannel, Abbott, Savage, & McNamara, 1982) . A study of the general population in Scotland reported an AF incidence ranging from 3.8/1,000 for people aged 65 to 74 years to 8.6/1,000 for people aged 85 years and older (Murphy et al., 2007) , and the AF incidence reported in a German study was 4.4/1,000 py for men and 3.9/1,000 py for women (Wilke et al., 2013) . The Rotterdam study reported an overall incidence of 9.9/1,000 py (Heeringa et al., 2006) . Together, the results from these studies are generally in line with our findings; 4.1% of the study population developed AF during the 6 years of followup in the present study. The overall AF incidence was 6.9/1,000 py, and there was an increase in the incidence with age, with the exception of those older than 90 years. Similar findings were reported in other studies from both Europe (Heeringa et al., 2006; Murphy et al., 2007) and the United States (Lloyd-Jones et al., 2004) , reporting a lifetime risk at age 80 of 22.7% in men and 21.6% in women. Our analysis showed that there was a lower AF incidence compared with the adjacent age group in the >90 years age group. This age group has not typically received separate consideration in the literature. Knowledge of gender differences in common arrhythmias that affect the elderly is important for health care with an aging population (Vallurupalli & Paydak, 2013) . Only 44.5% of the participants with AF, in baseline, received medical treatment (anticoagulants) for their condition, due to earlier diagnoses. After 6 years, these numbers had not raised (43.3%) even though treatments for AF reduce the risk of stroke and all-cause mortality. Trials have not assessed whether treatment of screendetected asymptomatic older adults results in better health outcomes than treatment after detection by usual care or after symptoms develop (Jonas et al., 2018) .
Important strengths of the population-based design of this study include the screening of a cross section of older outpatient adults and the inclusion of the oldest individuals. It is reasonable to assume that people with asymptomatic arrhythmias do not typically seek care and are likely to be undiagnosed and undertreated. Screening can identify 1.4% of the population ≥65 years with previously undiagnosed AF. Many of those identified would be eligible for, and benefit from oral anticoagulation (OAC) to prevent stroke. Given this incidence, community AF screening strategies in at-risk older age Note. AF = atrial fibrillation; ECG = electrocardiography.
groups could potentially reduce the overall health burden associated with AF (Lowres, Neubeck, Redfern, & Freedman, 2013) . The European Society of Cardiology (ESC) guidelines states, Diagnosing AF before the first complications occur is a recognized priority for the prevention of strokes and therefore recommend that, in patients aged 65 years or over, opportunistic screening for AF by pulse palpation, followed by recording of an ECG to verify diagnosis, should be considered for the early detection of AF (Kirchhof et al., 2016) .
The guidelines highlight the importance of screening programs including ECG recordings or pulse palpation in the general population. Hence, although screening with single time point 12-lead ECG can detect previously unknown cases of AF, it has not been shown to detect more cases than screening focused on pulse palpation (Jonas et al., 2018) . The findings in this study contribute to the understanding of the increasing occurrence of arrhythmias in the older population, as well as the high number of untreated cases of arrhythmias posing a challenge for health care. The development of effective strategies for arrhythmia prevention, detection, and treatment is essential. There are also some limitations of the present study. Medical history was selfreported and data of preexisting diagnoses were not available in baseline, which could indicate that some of the health conditions are underreported. In addition, the characteristics of the participants who performed an ECG at the baseline examination and those excluded from the analysis were different. More women than men were excluded due to not performed ECG. This is a potential bias for sex-specific estimates as the results showed no difference in AF prevalence between men and women across all age cohorts. People who were excluded were too sick to attend the clinics and were offered examination in their homes or nursing homes, and it is reasonable to assume that healthier individuals were included in the analysis and, therefore, that the prevalence and incidence of arrhythmias are likely underestimated.
Conclusion
We found that the prevalence and incidence of arrhythmias increase rapidly with advancing age in this population-based study of older adults, in line with studies from both Europe and the United States. The findings contribute to the knowledge regarding increasing arrhythmia occurrence in the older population, and the high number of untreated cases of AF, which pose health care challenges. They also highlight the present lack of knowledge regarding AF in the oldest old population. Technological advancements make it possible to conduct screening and follow-up of patients diagnosed with arrhythmias, and to, thus, facilitate improved health care resource use. There are clearly large benefits of identifying individuals with undiagnosed AF. Such identification would reduce suffering, lower the stroke incidence, and be cost effective for health care.
